Grass pollen is a major trigger for allergic rhinitis and asthma, yet little is known about the timing and levels of human exposure to airborne grass pollen across Australasian urban environments. The relationships between environmental aeroallergen exposure and allergic respiratory disease bridge the fields of ecology, aerobiology, geospatial science and public health.
5 of whom attended one of the workshops and 11 of whom attended both. The primary focus of the research was aerobiology in Australia but this was extended to include New Zealand where possible. In this paper we describe the context for the Australian Aerobiology Working Group research (Section 2), provide an overview of the Australian Aerobiology Working Group outcomes (Section 3) reflect on the benefits and challenges of the Australian Aerobiology Working Group experience (Section 4), and discuss future trans-disciplinary aerobiology research challenges and opportunities (Section 5).
Context of the Australian Aerobiology Working Group research

Burden of pollen allergy in Australia
The primary clinical manifestation of grass pollen allergy, allergic rhinitis, affects three 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65 6 inflammation has been demonstrated (Suphioglu et al. 1992) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   7 pollutants on allergen content, allergenicity and immunomodulation of pollen will additionally impact upon human respiratory health. Thus far we know very little of the interaction between consecutive days of high pollution and peak pollen periods.
Air pollutants including diesel exhaust particles and ozone (both in the atmosphere and in the lung) can directly interact with pollen, modify the allergen content and alter expression of genes encoding non-allergen components of pollen further influencing immunostimulatory participants in the United States of America (Kim et al. 2010 ). Common symptoms of allergic rhinoconjunctivitis or wheezing were associated with cardiovascular disease, predominantly in women less than 50 years of age (Kim et al. 2010 ). Furthermore, research by (Straka et al. 2013) , found that incidences of angiotensin-converting enzyme inhibitorassociated angioedema increased during the tree and ragweed pollen season. The authors speculated that atopic sensitisation to specific aeroallergens predisposes susceptible patients to risk of angiodema upon environmental pollen allergen exposure (Straka et al. 2013 ).
Whilst the mechanisms behind some of these associations remain to be fully understood, the innate immune recognition and airway epithelial response to aeroallergens (Lambrecht and Hammad 2014) and the effects of pollen associated molecules including phytoprostanes and oxidases (Blume et al. 2013 ) have all been implicated. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 8
The trans-disciplinary nature of pollen aerobiology research
The science of aerobiology is highly multidisciplinary per se and lends itself well to transdisciplinary research. A holistic approach to aerobiology requires knowledge of intrinsic and extrinsic factors affecting pollen production, transport and impact (Figure 1 In terms of the impact on health, the human adaptive immunity to pollen shows exquisitely specific recognition of allergen molecules, through the production of specific immunoglobulin E antibody and cell mediated immunity, that is capable of distinguishing pollen of temperate (predominantly C3) and subtropical (predominantly C4) grass species 
Previous aerobiology studies in Australia
Studies pertaining to grass pollen aerobiology conducted in Adelaide, Brisbane, Canberra, Melbourne, Perth and Sydney by gravity methods are summarised in Table 1 10 subtropical (C4) grasses extracts by prescribers located over a latitudinal gradient from Victoria to Queensland, while overall frequency of requests for grass pollen extracts decreased from south to north (Trinca 1962 ).
Insert Table 1 here
More recent studies conducted with volumetric pollen and spore samplers (Burkard or Rotorod) are summarised in Table 2 Insert Table 2 here   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 (Specht et al. 1975) showed the bi-phasic nature of asthma admissions in Brisbane. Whilst it was reported that asthma did not appear to coincide with grass pollen peaks in Brisbane (Wright and Derrick 1975) , the two were not investigated contemporaneously and epidemiological studies are yet to be performed.
Previous aerobiology studies in New Zealand
Few studies of airborne pollen have been undertaken in New Zealand (Tables 1 and 2) , despite a high prevalence of respiratory disorders with asthma symptoms in up to 22% of 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Using the same data, Newnham explored climatic influences in spatiotemporal patterns in these grass pollen data to reveal a latitudinal lag in the timing of season onset (Newnham 1999 ).
Pollen aerobiology research needs in Australasia
Research on pollen aerobiology and associated respiratory diseases triggered by pollen allergy in Australasia lags far behind comparably developed countries in the Northern
Hemisphere. There are predictive pollen indices published on the internet but in most cases these are not based on current local pollen count data (with the exceptions of our Melbournepollen.com and the new Canberrapollen.com). The unsubstantiated pollen indices are potentially misleading the public in relation to risk of pollen associated symptoms. Very little is known on the spatial distribution of pollen sources over time, nor do we understand drivers for variation in phenology and aerobiology across Australia or New Zealand. Add to   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 13 this, the lack of knowledge on native/ exotic grasses and their altered dynamics/potencies in response to climate trends and urban expansion patterns. Lastly, there are no studies on pollen grain transport aerodynamics and their wind uplift/deposition patterns, i.e., no one has modelled a pollen cloud and its relationship to target urban centres of interest in Australasia.
In 1976 Knox organised the Plenary Symposium on 'Aerobiology and the City', as part of the Melbourne Australian and New Zealand Advancement of Science conference (http://sciencearchive.org.au/fellows/memoirs/knox.html). That meeting exemplified an earlier recognition of the need to integrate pollen aerobiology with its impact on human respiratory health; however its primary focus was on Melbourne. Until now a transorganisational and trans-disciplinary approach to systematically collate, analyse and monitor pollen aerobiology has not been attempted for the Australasian region.
Highlights of Australian Aerobiology Working Group research outcomes
The Australian Aerobiology Working Group sourced pollen count and meteorological data from 11 Australian sites and 6 New Zealand sites. The methodologies used in pollen sampling and counting were tabulated for each site and the data were formatted to allow for analysis and synthesis of pollen aerobiology across Australia and New Zealand (Haberle et al., 2014).
ACEAS Australian Aerobiology Outcomes
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Other Australian Aerobiology Working Group outcomes
The 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Table 3 . Importantly, the Australian Aerobiology Working Group provided an uninterrupted opportunity to focus solidly on a unifying problem; the regional and temporal sources of variability in pollen aerobiology and their impact on human health. Trans-disciplinary science such as this will be essential to adequately enable informed adaptation to climate change and its impact on human and ecological health.
In the context of Australasian aerobiology, we speculate that as the geographic distribution of subtropical and temperate grasses changes over time, altered clinical patterns of allergic sensitisations and allergic respiratory disease are likely. Additionally, with widespread migration and urban development, complex patterns of previous and current allergic sensitisations exist within the clinical allergy setting.
Limitation of resources can cause researchers to perceive others as competitive threats.
Whilst competition can be a positive driver of success too much competitive stress in an   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 17 academic environment has flow on effects that block open collaboration. Competition is amplified within disciplines. However, within a multi-disciplinary Working Group, each member is a unique contributor of their expertise and knowledge to the group. By the virtue of the diversity within our group, a positive collaborative environment occurred. Thus whilst competition for limited resources is high, the ACEAS collaborative research approach was rewarding and fruitful for the individual participants and the group as a whole. Through active participation of researchers from multiple disciplines, the outcomes were greater than originally envisaged by the individual participants.
In our Australian Aerobiology experience, some primary datasets needed rescuing from archived boxes in garages, recovery from outdated hardware, conversion from obsolete software and even digitisation of hand written data to create accessible sources of data for reuse. Such databases provide a rich resource for synthesis and re-analysis of existing ecological dataset that might otherwise perish. Our experience demonstrates the extradisciplinary value of resurrecting data thought to be obsolete in the discipline for which it was originally obtained. The practice of re-use of data also optimises the value of existing data, in particular by placing it in a wider or historical context, and broadens the scope of Within a team of researchers from diverse disciplines, each individual may feel and work out of their comfort zone. As well as a learning tool for students (Students key to synthesis success), the experience stretches the boundaries of knowledge and thrusts academic experts from all levels back into unfamiliar position of naivety with respect to other disciplines. It's 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 18 a remarkable learning tool and opportunity for discovery for the individual and the group as a whole. It may not always be a positive experience but the situation provides wide opportunities that can be realised. An analysis and synthesis centre/working group does not guarantee these positive outcomes. The factors leading to success would be better considered or debated by organisational psychologists. However, upon reflection, a process in itself unfamiliar to many life, medical or physical scientists, key ingredients within our group that helped us succeed might include trust within the group, commitment to the common goal, a willingness for open and active participation, as well as leadership and an appropriate mixture of personalities, experience and skills. Many of the identified "Challenges" (highlighted in Table 3 with an asterisk) in reality led to benefits. For example, our trans-disciplinary approach led to methodological advances and has fostered leadership and skill sharing as well as learning by doing and living in the synthesis experience.
Future trans-disciplinary aerobiology research challenges and opportunities
Currently just a few sites are actively monitoring pollen in Australia (Melbourne, Sydney, The COST Action ES0603 (http://www.cost.eu/domains_actions/essem/Actions/ES0603) aimed to achieve "EUPOL" (assessment of production, release, distribution and health impact 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 19 of allergenic pollen in Europe). While much bigger (and better funded) than our Australian Aerobiology Working Group, the overall objectives, to "establish a multi-disciplinary forum", and the diversity of participants, were similar. Such successful precedents validate our experience that a trans-disciplinary approach really is the best, and perhaps only, way to advance the connection between aerobiology and allergic respiratory disease fields.
Broader barriers and opportunities for future Australasian pollen aerobiology
Despite having identified clear needs from ecological and health perspectives for a national encouraging that the "conceptual framework" of GII 2014 considers "knowledge creation, impact and diffusion" as innovation outputs. Now more than ever scientists will need to adapt to meet these changing purposes and funding models. That research is within GII 2014 framework provides new opportunities for integration of research outcomes into the business 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 21 non-medical research), there may be an opportunity for those who can interact effectively with peers from different disciplines and sectors (academia, industry, government) to address fundamental research questions and implement solutions for complex problems.
Australia recognises the benefits of multi-disciplinary research but systems to promote and reward integrative multi-disciplinary applied research remain to be fully developed and
implemented. There is a certain risk for an academic researcher in expending time on activities that "translate" into change in policy or practice, when that time could otherwise be applied in pursuing output fulfilling more traditional measures of productivity such as publications in high impact, peer-reviewed journals. The aim to "accelerate translation" is 
Conclusions
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Key benefits Key challenges and barriers
General
Synergistic amplification of productivity and scientific output. Adopting clear communication free of discipline-specific jargon*. Motivate through a positive group experience.
Time pressures of overcommitted academics. Educate and mentor students and early career researcher in ways that;
• broaden the scope of their own research,
• provide opportunities to engage in a facilitative research network beyond the field of their primary advisor, • provide access to wide-ranging datasets, • to gain exposure to new innovative research methodologies.
Incentives for analysis and synthesis activities which were beyond core activities of participants.
Experiential learning and engaging at the edge of one's comfort zone.
Merging of separate disciplines means spanning the gap between traditional funding schemes between medical and other sciences*. Bring to the public domain datasets that may be useful to, or extended by, future research but which otherwise would have remained inaccessible.
Finding the right academic outlet for trans-disciplinary research outcomes that don't fit within the scope of speciality journals. Foster emergence of new analytical techniques with global applicability.
Working with researchers from outside one's area of expertise*. Extend impact beyond one's own usual sphere of influence.
Being exposed to unfamiliar datasets, concepts and methodologies*. Facilitate applied scientific research relevant to the general community. Increase visibility with industry or government stakeholders.
Specific
Advance research in ecology and health sciences related to aerobiology and air quality.
Sourcing and resolving methodological and temporal variations in separate datasets*. Develop new methodologies for integrating phenology, remote sensing, mathematical statistical modelling and aerobiology.
Retrieving data from obsolete hardware.
Cultivate new understanding through merging of disparate types of data that would not have been reached by consideration of the original datasets separately.
Transferring data from obsolete and unsupported software.
Incubate innovative research ideas (eg Melbourne symptom survey App).
Reorganizing disparate datasets into a standardized format. Produce practical outcomes benefiting plant science, molecular allergology, climate change, ecology, geospatial and health sciences.
Integrating ecosystem, geospatial and health sciences with their diverse terminologies, methods, and problem solving approaches*. Generate methods and data sets serving as a proxy for climate and landscape change an integral part of aerobiology research and development.
Attribution of ownership of historical data.
Provide pollen exposure data for clinical trials of allergic disease therapies.
Reaching licensing agreements for release of primary data. * These challenges were also recognised as leading to benefits for the group and to extend individual leaning. 
